Good nutrition in infancy is critical for optimal growth and development. This is also the ideal time to introduce the child to a variety of foods and flavors in order to develop healthy eating habits and dietary variety.[@bib1]--[@bib5] Complementary feeding guidance for infants focuses on adequate nutrient intakes, as well as the introduction of nutrient-dense foods such as fruits and vegetables from an early age.[@bib6]--[@bib8] In addition to the immediate nutrition and health benefits,[@bib9]--[@bib11] exposure to fruits and vegetables during infancy is associated with positive long-term health outcomes,[@bib12],[@bib13] and shaping healthy eating habits that track into later life.[@bib1]--[@bib5],[@bib14] Despite consensus on the criticality of this period for establishing lifelong dietary habits, because of limited dietary data, gaps still exist in our knowledge of children's nutrition issues and dietary patterns during the first 1000 days.[@bib15]

The Feeding Infants and Toddlers Study (FITS) 2008 showed that consumption of commercially prepared baby food is more prevalent among 6- to 8-month-olds than 9- to 11-month-olds for vegetables (51% vs 34%) and for fruits (50% vs 42%), respectively.[@bib16] An equal percentage (25%) of infants 6 to 8 months and 9 to 11 months consume baby food dinners.[@bib16] More recent data from the National Health and Nutrition Examination Survey (NHANES) 2009--2014 show a somewhat similar prevalence of baby food fruit and vegetable consumption among 6- to 11-month-olds, with 47% consuming baby food fruit and 42% consuming baby food vegetables.[@bib17] Despite the ubiquitous use of commercial baby foods in the United States, no study to our knowledge has used nationally representative data to describe the food consumption patterns and nutrient density of the complementary foods consumed by infants fed baby foods. The aim of this study was to describe food and micronutrient consumption patterns among infants consuming commercially prepared baby food fruit and vegetables and baby and toddler dinners and to compare with those of nonconsumers of these baby food products.

Given the widespread consumption of baby foods, understanding the quality of the complementary diet among baby food consumers should be addressed in order to inform policy makers and healthcare professionals to tailor guidance to parents and caregivers on how to feed their children in this early, formative stage. This issue is particularly pressing in light of the high rates of obesity and chronic disease seen among children, as well as the dire lack of vegetables and fruits and related nutrients in the diets of American children.[@bib11],[@bib18],[@bib19]

MATERIALS AND METHODS
=====================

Study Design
------------

The FITS 2008, a cross-sectional, dietary intake study of a national sample of US children (n = 3274) living in the 50 states and District of Columbia, was designed to obtain information on the diets and feeding practices of US infants (ages birth to 11.9 months), toddlers (ages 12--23.9 months), and preschoolers (ages 24--47.9 months). The FITS 2008 consisted of 2 or 3 telephone interviews between June 2008 and January 2009: a recruitment interview that collected household and child characteristics and a dietary interview including a 24-hour dietary recall, asking about food and beverage intake from midnight to midnight, as well as questions on breastfeeding and the introduction of complementary foods. During the recruitment interview, a key step was to obtain informed consent by respondents to pursue the 24-hour dietary recall, as well as to obtain accurate contact information, so study materials could be sent.[@bib20] All study instruments and protocols, including incentives and informed consent procedures, were reviewed and approved by Mathematica's independent institutional review board, Public/Private Ventures in Philadelphia, Pennsylvania. Details of the design, dietary data collection and analysis methods, and study limitations are described elsewhere.[@bib20]

> Little is known about the impact of commercial baby foods eaten by older infants.

Sample
------

The sample included infants between 6 and 11.9 months of age participating in the FITS study. Baby food consumers (hereto in referred to as "consumers") were defined by reported use of any commercial baby food fruit, baby food vegetable, or baby or toddler dinner on the 24-hour dietary recall. Participants who reported no use of these specific baby foods were identified as "nonconsumers." Infant cereal was not included in the definition of consumers for this analysis because doing so would have classified almost all children as baby food consumers, leaving us with no comparison group. Given that infant cereal has a different nutritional profile from baby food fruits, vegetables, and dinners, we elected to study it separately.[@bib21] All FITS children in this age group consumed some complementary foods, that is, anything in addition to breast milk or formula.[@bib8] However, children who consumed only beverages and/or supplements, but no food, on the day of the survey were excluded from the analysis (n = 12). Of the 505 children in the FITS 2008 sample who were aged 6 to 11 months, the final sample included 493 children, 365 baby food consumers and 128 nonconsumers (Table [1](#T1){ref-type="table"}).

Outcomes and Variable Measures
------------------------------

The main outcomes were consumption of major food groups and specific types of vegetables, as well as micronutrient density of the complementary foods consumed. The percent of children in each group consuming major food groups and specific types of vegetables was estimated. Grams and calories per capita from different types of vegetables were calculated by adding all grams or calories from each type of vegetable consumed by children in each group (consumers and nonconsumers) and dividing by the number of children in the group. To calculate amounts and calories consumed from vegetables, all mixed foods were disaggregated into their food components, and each component food was assigned to its appropriate food group using the US Department of Agriculture's My Pyramid Equivalence Database version 2.0.[@bib22] Recipes for infant products not in the database were added. For instance, baby food dinners were disaggregated into vegetable, meat, and grain, and each portion of the product assigned to the appropriate food group.[@bib22] Nutrient densities were determined for each child, by summing contribution of each nutrient from all complementary foods consumed, dividing by the total number of calories consumed from complementary foods by the child, and multiplying by 1000. Group means were then calculated for each nutrient. Breast milk, formula, and supplements were excluded from the assessment of the nutrient density of the complementary food, as complementary foods are defined as "any foods other than breast milk or formula (liquids, semisolids, or solids) introduced to an infant to provide nutrition."[@bib8]

Statistical Analysis
--------------------

All foods and beverages reported in the 24-hour dietary recalls were assigned to food groups using the FITS 2002 food classification scheme adapted from that used for national dietary surveys.[@bib23] The FITS 2002 food groups were updated to account for new foods and beverages reported in FITS 2008.[@bib20]

All analyses used sample weights so that results and survey design are nationally representative of the US age and racial/ethnic distribution of children from birth to 4 years, based on population counts in the National Vital Statistics Reports for 2007, accounting for nonresponse at different stages and population coverage.[@bib20] Means and proportions were calculated using SAS (version 9.1.3; SAS Institute, Cary, North Carolina; 2004); *t* tests were used to compare consumers and nonconsumers; statistical significance was set at *α* = .05.

RESULTS
=======

Sample
------

Baby food consumers were younger and more likely to be white, and nonconsumers were more likely to be breastfed (Table [1](#T1){ref-type="table"}). Income and education did not differ between the groups. Energy intake from complementary foods was not significantly different among consumer and nonconsumers (330 vs 521 kcal, *P* = .07), but consumers reported less complementary food, when measured by weight, than did nonconsumers (481 vs 619 g, *P* = .008). Among consumers, the average consumption of total baby foods was 217 g, and 57% of total vegetable intake and 45% of total fruit intake were from baby food.

Food Group Consumption
----------------------

Baby food consumers were overall more likely to report consumption of total vegetables (other than white potatoes) compared with nonconsumers (71% vs 51%, *P* = .013) (Table [2](#T2){ref-type="table"}). Specific vegetables reported within each vegetable type are listed in Table [3](#T3){ref-type="table"}. When compared with nonconsumers, consumers were more likely to report deep yellow vegetables (42% vs 18%, *P* = .001) and were less likely to report white potatoes (10% vs 24%, *P* = .007) and dark green vegetables (4% vs 20%, *P* = .001). Both the per-capita amount of vegetables consumed (in grams) and calories from vegetables showed a similar pattern (Figure). Overall baby food consumers had a much higher intake of all vegetables when measured in grams. The smaller differences in calories from vegetables show that the vegetables eaten by baby food consumers were lower in calories. Top vegetables consumed by more than 5% of children in each group are listed in Table [4](#T4){ref-type="table"}, which shows that sweet potatoes (20%) were the most frequently reported vegetable among baby food consumers, whereas white potatoes were the top vegetable reported by nonconsumers (24%). Baby food consumers were also more likely to report fruit (excluding juice), but did not differ with regard to 100% fruit juice consumption when compared with nonconsumers (Table [2](#T2){ref-type="table"}). Baby food consumers were less likely to report sweets (eg, cookies, ice cream, sweetened beverages) when compared with nonconsumers (23% vs 47%, *P* = .028) (Table [2](#T2){ref-type="table"}). Consumers were more likely to report intake of infant cereal, and nonconsumers were more likely to report noninfant cereals (Table [2](#T2){ref-type="table"}).
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Nutrient Density of Complementary Food
--------------------------------------

Nutrient densities of the complementary foods of consumers were higher in several nutrients typically found in fruits and vegetables (Table [5](#T5){ref-type="table"}). Consumers' diets had significantly higher total fiber (20.4 vs 14.4 g per 1000 kcal, *P* = .000), both insoluble and soluble fiber, vitamin E (5.5 vs 4.6 mg per 1000 kcal, *P* = .012), vitamin C (131 vs 96 mg per 1000 kcal, *P* = .046), and vitamin A (1172 vs 696 retinol activity equivalent per 1000 kcal, *P* = .002) compared with nonconsumers. Consumers' diets were also higher in potassium (2025 vs 1607 mg per 1000 kcal, *P* = .000), magnesium (202 vs 177 mg per 1000 kcal, *P* = .015), and total carotenoids (18635 vs 9447 μg per 1000 kcal, *P* = .000,). Diets of consumers were lower in sodium (572 vs 1192 mg per 1000 kcal, *P* = .000) and vitamin D (1.0 vs 1.75 μg per 1000 kcal, *P* = .009) compared with those of nonconsumers. No differences in micronutrient densities were observed by baby food consumption for any of the B vitamins, calcium, phosphorus, iron, or zinc.

###### 

Nutrient Density of Complementary Foods by Baby Food Consumption
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> Several nutrients found in fruits and vegetables were higher in the diets of commercial baby food consumers.

DISCUSSION
==========

This is the first nationally representative study to describe diets of US infants consuming commercially prepared baby foods and compare them with nonconsumers, in order to characterize and understand what is being consumed and implications for the diet. It has been shown previously, in a statewide sample of infants participating in the Special Supplemental Nutrition Program for Women Infants and Children, that consumption of commercial baby foods is associated with a greater variety of fruits and vegetables in the diet.[@bib24] Other studies have indicated that commercial baby food products may be too high in sugar and sodium,[@bib25]--[@bib27] but these studies have only compared with theoretical cut points, rather than the nutritional quality of the actual diets of baby food consumers versus nonconsumers. Because we used a comparison group, our findings provide key insights about the quality of the diets of US infants that include commercial baby foods versus diets of those infants who do not include these foods. Because the majority of infants 6 to 11 months in the United States consume commercial baby foods of some type, this analysis was limited to children consuming baby food fruits, vegetables, and dinners, in order to have a comparison group of nonconsumers. Infant cereal is a widely consumed infant food, and we assessed its impact in the diet separately.[@bib21] Including infant cereal in our definition of baby food consumer would have resulted in a comparison group that was too small to be meaningful. In addition, because the nutritional attributes of infant cereals and fruits and vegetables are quite different, they lend themselves to different assessments of dietary impact. Approximately 80% of the infants classified here as consumers also consumed infant cereal, as well as did approximately 38% of the nonconsumers. Nonconsumers were far more likely to consume noninfant cereals (47% vs 16%). The noninfant cereals fed to children 6 to 11 months are not presweetened much more often than presweetened.[@bib16] These cereals are generally lower in iron than are infant cereals. A separate comparison of consumers and nonconsumers showed that infant cereal consumers have higher iron intakes.[@bib21]

This research suggests that the diet quality of infants consuming commercially prepared baby fruits, vegetables, and dinners was higher than that of nonconsumers for nutrients of public health concern and food groups specified in the Dietary Guidelines for Americans.[@bib11] Specifically, children with diets including these baby foods are more likely to consume vegetables (excluding white potatoes) and fruits and less likely to consume sweets and have diets higher in fiber, potassium, vitamin A, vitamin C, and magnesium and lower in sodium and energy density. While nonconsumers ate more food than consumers (619 vs 481 g), these results show that the foods eaten by nonconsumers were less nutrient dense than the foods eaten by baby food consumers. This lower nutrient density and higher energy density of the diets of nonconsumers are likely driven by both the lower intake of fruits and vegetables and higher intake of sweets.

It is well established that vegetables are a food group of public health concern, with more than 90% of both the US population overall and also specifically of 2- and 3-year-olds not meeting vegetable intake recommendations.[@bib11],[@bib22] It has also been shown that diets of infants at 6 to 11 months, and specifically vegetable consumption, are associated with diets later in childhood,[@bib4] underscoring the importance of feeding in late infancy. Previous assessment of the FITS data has shown that approximately 30% to 40% of infants 6 to 11 months old were not consuming even 1 serving of vegetable on the day of the survey.[@bib16] The NHANES data showed that, when white potatoes were excluded from the definition of vegetable, more than 40% of older infants were not consuming vegetables on the day of the survey.[@bib17] There were shortfalls in intakes of all subgroups of vegetables. Greater intakes of all of them are desirable, especially for the vegetables, whose intakes are very low, such as the dark green and orange vegetables. These are excellent sources of vitamin C, folate, magnesium, and potassium.[@bib11] An interesting finding of our study was that, whereas consumption of dark green vegetables was limited generally,[@bib16],[@bib18] nonconsumers were more likely to report dark green vegetable intake. Investigation into potential reasons for lack of green vegetables in baby food revealed that there are few commercial offerings of products made predominantly of dark green vegetables for infants because of both regulatory and quality control limits on nitrates in baby foods. These are barriers to using many dark green vegetables as a major ingredient in recipes, and research into approaches for controlling nitrates is underway Jupiter Yeung, PhD, Nestlé R&D, personal phone communication via phone call in 2017.

Two different analyses of the NHANES data have shown that all baby food, including cereal and a wider variety of baby foods, considered as 1 food group, is the major source of a large number of nutrients among infants 6 to 11 months old.[@bib28],[@bib29] Our findings, while including a more limited number of baby food items (fruits, vegetables, and dinners), complement those of Grimes et al,[@bib28] showing that the diets of consumers were actually also higher in many of these nutrients including fiber, potassium, vitamin A, vitamin C, and magnesium, compared with those of nonconsumers. However, our findings differ somewhat from those of Maalouf et al,[@bib29] who found that baby food considered together as 1 food group is the top food source of sodium. Contrary to the findings of Maalouf et al,[@bib29] when comparing diets as consumed, we found that diets of baby food consumers were actually lower in sodium than diets of nonconsumers. This is likely due to the fact that Maalouf et al[@bib29] did not have a comparison group, as we did in our analysis.

Potatoes are the most commonly consumed vegetable and make up 25% of all vegetable consumption by Americans[@bib11] and are already the no. 1 vegetable among 9- to 11-month-olds.[@bib16] We observed that nonconsumers of baby foods were significantly more likely to consume white potatoes than were consumers. While white potatoes are a good source of potassium and fiber, they are not as rich in some of the other nutrients as more colorful vegetables, and all children, including infants, need to consume more vegetables in the other vegetable subgroups beyond white potatoes.[@bib11]

> All caregivers should include plenty of deep green and yellow vegetables and other vegetables and fruits to replace sweets and other high-energy and low-nutrient foods in infant and toddler diets.

Mixed dishes contribute approximately a third of vegetables consumed by Americans.[@bib11] We found that children consuming baby foods were about twice as likely to consume mixed dishes as nonconsumers. When the composition of specific mixed dishes consumed by most baby food consumers (chicken and vegetables or turkey and vegetables infant dinners) was examined, we found that the first food ingredient in both products was vegetable, followed by meat. We also found that baby food consumers were far less likely to consume meat and protein foods. This lower likelihood of consuming meat is probably due to the fact that mixed dishes usually have meat or another protein as a key ingredient, and meat is therefore not consumed as often as a separate food item by children consuming mixed dishes. In addition, nonconsumers were older than consumers (28% of the consumers and 53% of the nonconsumers were 10-11 months old), and this may have impacted some of the foods consumed, because of developmental stage. Perhaps nonconsumers were more likely to eat meat, as they were older and may have had more advanced feeding skills to better handle meats. This may have also been the case for green vegetables, as broccoli was the most often consumed green vegetable. Yellow vegetables, however, generally have a softer texture and are a common baby food offering, likely contributing to the higher intake seen in baby food consumers.

Diets of consumers were lower in vitamin D, and although this finding was statistically significant, it may not be important, as the majority of vitamin D in infant diets comes from formula and breast milk,[@bib28] not from the complementary food, which was assessed here. However, because cow's milk is included in the definition of complementary foods, nonconsumers of baby foods may have been more likely to consume cow's milk (not significant), and this may account for the higher levels of vitamin D seen in diets of nonconsumers.

There are some limitations in these analyses. Given the very widespread use of baby food in the United States, it was not possible to define the sample among consumers and nonconsumers of all baby foods. While the objective of the study was to compare the diets of children consuming baby food fruits, vegetables, and baby and toddler dinners, children in both groups were consuming other baby foods such as infant cereal and baby snacks. Also, as indicated above, the percentage of children consuming vegetables was assessed based on distinct servings (in any amount) of vegetable dishes, and vegetables in mixed dishes were not included. Consumers of baby food were more likely to consume mixed dishes, and most contained vegetables, which likely led to an underestimate of the number of baby food consumers eating vegetables. The data were collected in 2008 and therefore may not reflect exact consumption patterns of baby food at present. However, more recent data from NHANES 2009--2014 show a similar level of baby food consumption, as indicated above. The current analyses provide important insights and baseline data with which to compare baby food consumption from future surveys.

The complementary feeding period is critically important for the introduction of flavors and flavor preference development[@bib1] and the development of habits that have been shown to track into later childhood.[@bib3],[@bib4],[@bib30] The Infant Feeding Practices Study showed that children who are consuming fruits and vegetables at age 6 to 11 months are more likely to consume them at age 6 years[@bib4] and that infants consuming sweetened beverages at this time are also more likely to consume them at age 6 years.[@bib30] In this current descriptive analysis, we found that baby food consumers were more likely to consume vegetables and fruits and less likely to consume sweets during these critical months.

The developmental appropriateness and convenience aspects of commercial baby foods, as well as the positive nutritional benefits that foods with these qualities may bring to the infant diet, may be overlooked by health professionals and parents who might have a desire for homemade and less processed foods. We have shown here that when children are fed commercial baby foods, they are more likely to be fed vegetables and fruits and less likely to be fed sweets, and their diets are more micronutrient dense. These data further show that when nonconsumers of baby food are fed vegetables, the no. 1 vegetable is potatoes, often in the form of mashed potatoes. Although we do not have data on reasons for feeding choices, it is true that it requires more planning and preparation to make a variety of healthy homemade foods in appropriate forms for an infant.

Our findings provide important insights about children's nutrition and dietary issues in the first 1000 days that can be used in the development of public health policy as well as healthcare provider advice to parents. These findings indicate that a diet that includes commercial baby foods can be an appropriate and healthful way to feed during the complementary feeding period. We have found that diets including commercial baby foods are higher in fruits and vegetables and lower in sweets and are more micronutrient dense and less energy dense than diets of children who do not consume these baby foods. All caregivers, whether they choose to feed commercial baby food or not, should include more vegetables and fruits in their child's diet, including plenty of deep yellow and green vegetables, and these should replace high-energy and low-nutrient foods, such as sweets.
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